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Introduction
Loading the ventricular myocardium may induce important electrophysiological changes (contractionexcitation feedback . However, the mechanism of the phenomenon remains obscure. Recently, it was shown that contraction-excitation feedback may also be observed in the atria 171 , while in Q wave acute anterior myocardial infarction atrial fibrillation has been found to be related to an increase in atrial pressure resulting from haemodynamic changes caused by extensive myocardial damage 181 . In healthy anaesthetized dogs the propensity of the atria to fibrillate after rapid stimulation was increased significantly with elevation of the mean right and left atrial pressure following volume loading 191 . A similar effect has been observed in patients with paroxysmal atrial fibrillation and no structural heart disease 1 ' 01 . The aim of this paper is to confirm the above findings and to examine whether a change in atrial pressure may affect the electrophysiological properties of the atrial myocardium, which in turn favour the occurrence and/or maintenance of fibrillation. 
Material and method
Twelve mongrel dogs weighing 13 to 28 kg were anaesthetized using i.v. sodium pentobarbital. Following tracheal intubation, artificial respiration was instituted and the thorax was opened with an incision through the fourth left intercostal space. A normal saline perfusion was maintained in the two femoral veins. This venous line was kept for rapid fluid administration or blood removal (see below), to repeat pentobarbital as needed. Following pericardiotomy, two hook electrodes were positioned on the right atrial appendage and another pair of electrodes on the left appendage. A catheter was inserted in the right atrium via the right external jugular vein to record the right atrial pressure. Before any intervention, two electrograms were recorded, one using the right atrial pair of electrodes and another using the left atrial pace at a paper speed of 200 m . s ~' on an Electronics for Medicine recorder. The electrical mean of the right atrial pressure, and at least one of the peripheral bipolar leads, were recorded at the same time. The time interval from the right atrial to the left atrial electrogram was measured and considered as the atrial conduction time. The mean right atrial pressure during this period was related to the conduction time.
The pacing threshold was then determined and the effective refractory period measured at double threshold intensity. In order to measure atrial refractoriness the right atrium was paced at a S,-S t interval of 250 ms in all experiments in order to overdrive the sinus node. During continuous pacing, a premature stimulus (SJ was delivered after each eight S,. The S|-S 2 interval was progressively shortened, with a decrement of 5 ms starting from 250 ms until no atrial response to S 2 could be seen. In this way we tried to avoid the effect of the endogenous atrial rate on refractoriness. The mean right atrial pressure was measured at the moment the S 2 failed to stimulate the atria.
In the third phase of the experiment, the right atrium was paced via the two hook-electrodes at a rate of 450 min" 1 for 10 s. Pacing was then stopped and it was observed whether atrial fibrillation had developed. A spontaneous atrial rate >400 min ~' with an irregular ventricular response lasting for at least 2 s was considered as atrial fibrillation. During the three phases it was aimed to keep the mean right atrial pressure as constant as possible by adjusting the rate of fluid administration accordingly. However, this aim was not always achieved. The mean value of the mean atrial pressures at the start and the end of the 10 s pacing run was related to the occurrence of atrial fibrillation.
In the next stage, rapid intravenous infusion of normal saline was administered until the atrial pressure was more than 10 mmHg above the baseline pressure and the three phases of the experiment were repeated. The same phases were usually repeated after venesection until the atrial pressure had returned to about the original value. In four experiments the last procedure (return to original value) was not performed, while in the remaining eight experiments, three to five attempts were made following re-administration of blood and venesection. The procedure was repeated in order to study the effect of various atrial pressures, independent of the result of the previous attempt.
The mean conduction time and mean effective refractory period of all experiments at a low atrial pressure (<; 10 mmHg) were compared to the values obtained at a high pressure (unpaired t-test). Since there was a wide variation of these variables between different animals the mean value of each parameter was calculated in each experiment at a low and high pressure, respectively, and the mean difference from all animals was calculated between high and low pressures using the paired t-test. The atrial pressure was divided into groups of 6 mmHg and the probability of inducing atrial fibrillation was calculated for each group. The significance of the relationships was calculated using the •£ test. Finally, the refractoriness was divided into short (<; 150 ms) and long values and the conduction time into short (^38 ms) and long values. Using analysis of variance (ANOVA) the effect of refractoriness, conduction time and atrial pressure was examined on the probability to induce atrial fibrillation. A /*<005 was considered significant.
The care and use of the animals conformed to the guiding principles of law 1197/81 of the Greek national legislation. 
Results
The baseline right atrial pressure was 6-4 ± 3-7 mmHg (x ± SD). Under this pressure the conduction time was 33-7 ± 12-8 ms and the effective refractory period was 140-8 ± 12-5 ms.
Forty-three attempts were made to induce atrial fibrillation in the 12 dogs, under various atrial pressures, ranging from 1-5 to 35 mmHg (13-5 ± 10-0 mmHg). Atrial fibrillation was induced in 14 instances. The mean atrial pressure in the instances when fibrillation was induced (21-3 ±91 mmHg) was significantly (t=408, P<000\) higher than in the instances when fibrillation was not induced (9-7 ±81 mmHg). After dividing the atrial pressures into groups of 6 mmHg, the probability of inducing atrial fibrillation was significantly (^2= 14-9 for 4 degrees of freedom, /><0-0048) affected by the atrial pressure. The higher the atrial pressure the higher the probability of inducing atrial fibrillation, so that at a high (>24 mmHg) pressure the probability was 75%, while at a low pressure (^6mmHg) it was only 7-1% with intermediate, gradually increasing, probabilities in between (Fig. 1) .
The conduction time from the right to the left atrial appendage, measured 40 times, was 397 ± 13-6 (range 10-66) ms (Table 1) . A positive correlation existed between atrial pressure and conduction time (CT=31-25 + 0-552xAP, r=0-415, / > <OOO78, where CT is conduction time and AP the atrial pressure). The atrial pressure was divided into high (^ 14 mmHg) and low (<, 10 mmHg) pressure, no value existing between 10 and 14 mmHg. At a high pressure, the conduction time was significantly (t=2-48, / > <0019) longer (45-7% 14-2 ms, 17 measurements) than at a low pressure (35-2 ± 11-6 ms, 25 measurements). In 11/12 experiments, the mean conduction time at high pressure was longer than at low pressure, the mean difference being 12-3 ±101 (paired t=4-235, .P<0-001 for 11 degrees of freedom).
The effective refractory period of the right atrium measured 38 times under various atrial pressures was 151-2 ± 14-7 (range 125-180)ms (Table 1) . It was positively correlated with the atrial pressure with a marginal significance (ERP= 1450+00-452xAP, r = 0-3177, <OO519, where ERP is effective refractory period and AP is right atrial pressure). For all measurements the effective refractory period at a high atrial pressure (157-9 ± 15-2 ms, 16 measurements) was significantly (/ > <0-017) longer than at a low pressure (146-2 ± 12-4 ms, 22 measurements). The mean effective refractory period was longer at high than at low pressure in 10/11 experiments, the mean difference being 12-9 ± 141ms (paired-t = 2174, /><0001 for 11 degrees of freedom).
atrial conduction time (CT), mean effective refractory period (ERP) and rhythm (Rh) response (sinus rhythm=SR, atrial fibrillation-AF), under control (C), transfusion (Tr) and venesection (Vs); mean atrial pressures (AP, mmHg). Results in each experiment (Exp) and pooled data (Cum) are given at the bottom of the Table with mean ± standard deviations (number of measurements) Table 2 ANO VA of atrial fibrillation probability by atrial pressure (AP), effective refractory period (ERP), and conduction time (COND)

Parameter
The effective refractory period was divided into short (<. 150ms) and long values. Similarly, the conduction time was divided into short (<, 38 ms) and long values. Using an analysis of variance and the division of atrial pressure into five groups of 6 mmHg, it was found that the probability of atrial fibrillation after stimulation at a high rate was significantly (F=5-061, ,P<0-004 for 4 degrees of freedom) affected by the atrial pressure but neither by the effective refractory period, nor by the conduction time (Table 2) .
Discussion Previous experiments'
91 have shown that the initiation of atrial fibrillation in the dog by rapid atrial stimulation becomes significantly more likely following an acute increase in atrial pressure. This finding was confirmed in these experiments.
A stimulation rate of 450 min ~' was used to initiate atrial fibrillation since pacing at a rate above this limit did not affect the probability to initiate the arrhythmia, apparently because at a higher rate 2:1 capture occurTed [91 . Bursts of rapid atrial pacing to test atrial irritability have been used by several authors 1 "' 121 . For atrial fibrillation to occur at least two factors are considered of importance: inhomogeneity in conduction and a short excitation wavelength, which in turn is the product of conduction velocity and refractory period' 13 ' 141 . In these experiments, the conduction time between two points in the atria was measured but the distance between them was not, since it was not constant due to wide variations in the atrial pressure and consequent dilatation. Thus, the observed prolongation of conduction time is not synonymous with decrease conduction velocity.
No consensus exists about the effect of atrial pressure on refractoriness 1151 . Kaseda 191 found a positive correlation between atrial pressure and atrial refractoriness measured by yielding a premature stimulus at the end of an eight-stimuli pacing run. However, the increase in pressure was associated with slowing of the sinus rate before the initiation of the eight-stimuli pacing run; the sinus bradycardia in turn, before the pacing run, could statistically account for the lengthening of refractoriness. Some kind of 'repolarization memory' has been described by Brownstein et al. [20] . For this reason, in these experiments continuous drive of the atria was applied at a constant rate, while administering a premature stimulus after each eight driving stimulus. Lengthening of the right atrial refractory period was found to be associated with an increase in right atrial pressure.
The effect of atrial pressure on atrial conduction has not been examined extensively. Ventricular loading may be associated either with no effect on intraventricular conduction' 21 ', or with prolongation of the conduction time' . These experiments showed that an increase in atrial pressure is associated with prolongation of the conduction time. Prolongation of the conduction time may be pro-fibrillatory because if it takes a long time for the excitation wave to travel all over the atrial myocardium, the fibres that were first depolarized will have the time to recover and be re-excited by the same waves. On the other hand, prolongation of refractoriness may be antifibrillatory because if the fibres that were first excited remain refractory for a long time they will not be depolarized again by the excitation wave on its return after completing a full cycle. In these experiments the occurrence of atrial fibrillation was not found to be related to the changes of either the conduction time or refractoriness. A close relationship seems to exist between atrial dilatation and the incidence of atrial arrhythmias in the elderly 1241 . Acute studies also suggest that atrial fibrillation is associated with an increased left atrial pressure reported that an increase in the atrial pressure induced by atrioventricular pacing at a short A-V interval did not affect the frequency of induction of atrial fibrillation. No author has reported a protective effect of increased atrial pressure against atrial fibrillation. Since more or less consistent profibrillatory (or no) effect of increased atrial pressure on the atrial rhythm has been observed and since the effect on the duration of repolarization or refractoriness varies widely (from significant lengthening to significant shortening) one may hypothesize that a change in refractoriness is not the main factor that determines the propensity of atrial fibrillation which follows an increase of atrial pressure. Other factors that could possibly be of importance are the inhomogeneity in conduction and dispersion of refractoriness'
151
. The genesis of early afterdepolarizations similar to those observed in the ventricular myocardium on loading the ventricles' 28 ' 291 , or the genesis of premature atrial depolarizations that have been observed on increasing the atrial pressure 191 , may not explain the findings of this study in which the induction of atrial fibrillation was attempted by rapid pacing.
In conclusion, an increase in right atrial pressure by rapid volume overload prolongs the inter-atrial conduction time and the right atrial refractoriness and increases the propensity of the atria to fibrillate on rapid stimulation. However, the increased tendency to fibrillation does not seem to be directly related to either the prolonged refractoriness or the conduction time, although the possibility that conduction velocity could be of importance cannot be excluded, since the atrial size was not measured at different pressures.
